We nested a large-scale field experiment into the national rollout of the introduction of performance pay for medical care providers in Rwanda to study the effect of incentives for health care providers. In order to identify the effect of incentives separately from higher compensation, we held constant compensation across treatment and comparison groups -a portion of the treatment group's compensation was based on performance whereas the compensation of the comparison group was fixed. The incentives led to a 20% increase in productivity, and significant improvements in child health. We also find evidence of a strong complementarity between performance incentives and baseline provider skill.
INTRODUCTION
Long-standing concerns about both the cost and effectiveness of health care have led to the relatively recent introduction of performance incentives for medical care providers.
1 These pay for performance (P4P) schemes typically pay bonuses to providers that give higher quality of care to more patients. While performance incentives have long been part of labor contracts, they have only relatively recently become widespread in health care worldwide. While there is some evidence on the effect of P4P on quality and access to services mostly from the US and the UK, there is little rigorous evidence on the impact on health outcomes and provider productivity especially in low and middle-income countries.
In this paper we provide evidence on the effect of incentives on provider productivity and on health outcomes in Rwanda, where we nested a prospective field experiment into the national rollout of a P4P incentive scheme. P4P affects health care provision in two ways; first, through incentives for providers to expend more effort in specific activities and second through an increase in the amount of available financial resources. In order to identify the incentive effect separately from the increase in resources, the traditional input-based budgets of the comparison group were increased by the average amount of incentive payments to treatment facilities. As a result, while treatment and comparison facilities had the same budget, a portion of the treatment facilities' budgets was determined based on their performance whereas the comparison facilities' resources were not. This is important because if P4P achieves its results just from increased financial resources, then the same results could be achieved from a simple increase in budget without incurring the administrative costs associated with implementing the incentive scheme.
We find that the performance incentives translated into large and significant improvements in child health outcomes. Specifically, we find that incentives led to an increase of 0.53 standard deviations in the weight-for-age of children 0-11 months and 0.25 standard deviations in the height-for-age of children 24-49 months. We previously documented the pathways through which the incentives likely affected health outcomes in Rwanda, i.e. increased preventative care utilization and improved clinical quality of care (Basinga et at. 2011) .
We also found that the incentives were associated with a substantial improvement in provider productivity. We measured productivity as the gap between provider knowledge and actual practice of appropriate prenatal care clinical procedures, holding the provider's budget constant. Knowledge can be thought of as the provider's production possibilities frontier. Under this definition, the difference between knowledge and practice is a measure of efficiency conditional on holding the provider's budget constant.
In our survey, while providers knew 63 percent of the appropriate clinical protocols for prenatal care, they only delivered about 45 percent of the appropriate protocols. This implies a gap of 18 percentage points between knowledge and practice. It implies that there is substantial distance from the provider practice to their production possibility frontier. The performance incentives reduced the gap by 4 percentage points on average.
Finally, we found large complementarities between provider skill (knowledge of appropriate clinical procedures) and performance incentives in the production of quality.
Specifically, we found that higher skilled providers increased quality more than lower skilled providers in response to the same incentives. This means that incentives are more effective in a context where providers have higher skills and suggests that traditional training interventions may yield higher results with incentives than without.
Our results are especially important for low income countries who, despite dramatic increases in public spending on health in the last decade, have made little progress towards the 2015 Millennium Development Goal health targets (United Nations 2010 and 2011). 2 One reason is the poor performance of these medical care systems where absenteeism among providers is widespread (Chaudhury et al. 2006) , provider knowledge of proper clinical procedures for basic care is low (Das and Hammer 2004) , and providers give a standard of care that is well below their clinical knowledge 3 . In this context, incentive payment is a mechanism that can increase health provider productivity in terms of supplying higher quality care to more patients.
Our work contributes to the general literature on P4P in medical care, as it is the first to separately identify the impact of P4P incentives from the associated increase in resources. 4 Our work also contributes to the relatively small literature on the effects of paying medical care
2 Among the 67 countries with highest child mortality rates, only 10 are on track to reduce mortality by two thirds.
And the rate of decline in maternal mortality for all is well short of the 5.5 % needed to achieve 2015 MDG target. 3 See Das and Gertler (2007) ; Das, Hammer and Leonard (2008) ; and Masatu (2010a) and (2010b) . 4 See Witter et al., (2012) for a recent systematic review of health care performance incentives in low and middle income countries. Most of the literature that they cite do not have control groups and estimate the impact of P4P as jumps in time trends of the amount of services providers by treatment facilities.
providers for performance in developing countries; 5,6 to our knowledge, ours is the first rigorous evaluation of the impact on health outcomes and productivity in a low-income country.
There are three well-identified related evaluations in other low and middle-income countries. Hospital-based physicians in the Philippines who received extra bonus pay based in part on knowledge of clinical appropriate clinical procedures, reported increases in clinical knowledge (Peabody et al, 2011) . In Indonesia, performance incentives to villages for improvements health and education outcomes led to an increase in labor supply from health providers (Olken et al. 2011 ). Finally, Miller et al (2012 found that bonus payments to schools significantly reduced anemia among students in China.
This paper is organized as follows. We first describe the P4P scheme introduced in Rwanda. We then use a simple model to layout the behavioral pathways through which the incentives plausibly could lead to improved health outcomes and show that there is evidence to support the model's predictions. We then describe our identification strategy and data. We follow with the results for health outcomes and then productivity, and end with a conclusion.
INSTITUTIONAL CONTEXT
Rwanda is one of the poorest countries in the world with a GDP of US$340 per capita in (World Bank, 2008 Despite this progress, the health system continues to grapple with serious shortages of qualified personnel and low levels of service delivery, especially in rural areas (World Bank 2010b).
a. P4P
In 2005, the Rwandan Ministry of Health (MoH) used the opportunity of an increase in the health sector budget to scale up nationally a P4P scheme for maternal and child health care services (Logie et al 2008; World Bank 2010a) . The decision was based on positive reports of 5 There is, however, a growing literature on P4P for medical care in the U.S. and other high-income countries with mixed results. See Van Herck et al. (2010) , Ashaman et al (2010) and Scott et al. (2011) for reviews. 6 There is a related literature on performance pay for teachers in low-income countries. For example see Glewwe et al. (2010) , Sundararaman (2011), and Muralidharan (2012) .
P4P schemes in two Provinces that had been developed by a number of NGO's (Kalk et al. 2005; Soeters et al. 2005 and . The P4P scheme provides bonus payments to primary care facilities based on the provision of various types of services and the quality of those services.
P4P payments go directly to facilities and are used at each facility's discretion. The overall amount of P4P payments is large in comparison to facilities' budgets: a study of 68 facilities receiving P4P payments shows that P4P payments represent an increase in funding of 24.6%
above the base budget. On average, 77 percent of P4P funds were used to compensate personnel resulting in an increase of 38 percent in staff compensation (Basinga et al 2011) .
b. The Payment Formula
The scheme pays for 14 maternal and child healthcare services conditioned on an overall facility quality assessment score. The formula used for payment to facility i in month t is:
where P j is the payment per service unit j (e.g. institutional delivery or child preventive care visit), U ijt is the number of patients using service j in facility i in period t, and Q it is the overall quality index of facility i in period t.
The 14 service indicators (U jit ) and associated payment rates (P j ) are listed in Table 1 .
The Rwanda Ministry of Health (MoH) defined these indicators and payments based on national health priorities, available budget and previous NGO experience with P4P (Ministère de la Santé du Rwanda 2006 and 2008) . The first 7 indicators consist of the number of visits to the facility for various types of service such as prenatal care and institutional delivery, while the second set of 7 indicators refers to the content of care provided during those visits. This second set includes the number of children who were fully vaccinated, the number of pregnant women who received tetanus vaccines and malaria prophylaxis during prenatal care, the number of at-risk pregnancies that were referred to hospitals for delivery during prenatal care, the number of severely malnourished children who were referred to treatment facilities, and the number of general emergencies that were referred to the appropriate facility for care. The health literature considers these to be measures of aspects of the process or clinical quality of care (Donabedian, 1988) .
The actual amount paid to the facility is adjusted based on the overall facility quality, Q it .
The facility's overall quality enters the payment formula as a multiplicative factor that proportionately raises or lowers the payment for the 14 output indicators. The quality index is bounded between zero and one. If the facility meets all of the quality criteria, then the index equals one and the facility receives the full P4P payment. However, if the facility is deficient in some of the quality criteria, then all of the payments are discounted. For example, if the facility only scores 0.80 on the quality index, then it only receives 80 percent of the payment for the 14 output indicators. In this way, the P4P scheme pays for both facility output and facility quality.
The quality index Q it is a function of structural and process measures of quality specified in the Rwandan preventive and clinical practice guidelines (Ministère de la Santé du Rwanda 1993, 1997, and 2003) . Structural measures are the extent to which the facility has the equipment, drugs, medical supplies and personnel necessary to be able to deliver a specific medical service. Process measures are the clinical content of care provided for specific services.
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The formula for the quality index is:
where S ikt is the share of indicators for service k that are met by facility i in period t, and ω k is the weight for service k. If a facility has perfect structural and process quality, then all the S ikt take on value one and the overall quality index is equal to one; in this case, the facility is paid the maximum possible bonus for the services provided. By contrast, if the quality index is less than one, P4P payments are discounted for all services provided at the facility. Table 2 details the services that are included in the quality index, their weights and the relative importance of structural and process indicators in the computation of the score for each service k.
c. Full Prices
There is a large range of payment rates (P j ) for the U ijt 's ( Table 1 ). The largest are for institutional deliveries and emergency referrals to hospitals for obstetric services; both services pay $4.59 per case. The next largest, at $1.83, is for new contraceptive user visits, referral of atrisk pregnancies to hospitals for delivery and referral of malnourished children to higher-level 7 Clinical practice guidelines are "systematically developed statements to assist practitioners and patient decisions about appropriate health care for specific circumstances." (Field and Lohr, 1990) with 1, The incentives implicit in the payment scheme are more complicated than they appear.
The incentive structure focuses not just on treating more patients, but also on providing more patients with higher quality of care. This happens not only through the multiplicative scaling factor Q discussed above, but also because direct payment for content of care services in the U i 's. The full payment for seeing a patient depends on the services provided during that visit. In fact, payment rates for visits are much higher if the provider supplies better content of care.
Consider for example, the payment for prenatal care. Providers receive $0.18 for every pregnant women who starts prenatal care, an additional $0.37 if the women completes at least 4 visits, an additional $0.92 if they give the patient a tetanus shot and malaria prophylaxis during a prenatal care visit, and an additional $1.83 if they assess the delivery to likely be risky and refer the mother to deliver at the district hospital. Hence, a provider will receive $0.55 for four prenatal care visits of low quality versus $1.47 for providing high quality.
The same is true for institutional delivery and child growth monitoring. If the provider detects a high-risk pregnancy and refers the woman to the hospital for delivery, payments for this high-quality care increase to $3.30. In the case of growth monitoring, the payment to the provider is $0.18 per visit plus an additional $1.83 if the child is malnourished and she refers her to the hospital for treatment. Information used to compute each facility's overall quality score is collected under the existing national monitoring system that requires all district hospitals to monitor and supervise the quality of health centers in their districts. Every quarter, a district hospital team from different services (e.g. prenatal, curative care, preventive care) visits each facility on an unannounced randomly chosen day to assess the facility's quality through direct observation and review of patient records using a standardized tool. At the end of the visit, the team discusses their findings with the facility's personnel and provides recommendations to improve quality. In P4P districts, the data are used to construct the overall quality score for the facility each quarter.
d. Administration and Auditing of Payments

PATHWAYS
Here we discuss how the introduction of incentives induces providers to supply more effort in ways that increase utilization and quality of care. We argue that these are the pathways through which incentives would lead to improved health outcomes and increased productivity.
Without incentives a provider is paid a fixed amount and her income is not affected by seeing more patients or providing them with better care. Hence, the provider treats all patients who show up and provides them with a minimum level of care defined by her ethical standards.
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The P4P scheme introduces a new dimension by linking part of provider income to the provision of certain services and to quality of care. Taking into account the basic structure of the P4P formula, the profit function is:
where I is the fixed salary, P i is the P4P payment for service i, U i is the total quantity of service i provided to patients, Q is the overall quality of care, ε is total effort (i.e. ε = ! ! ! ! + ε q ), and C( * ) is the cost of effort. The service production functions U i (•) and the quality production function Q(•) are concave in effort, and C(•) is a convex function of total effort.
The provider chooses effort levels to maximize income subject to effort levels being no less than the ethical minimum levels. In the case of an interior solution, effort is allocated in such a way that marginal revenue of effort is equalized across the three types of effort and that it is equal to the marginal cost of effort:
Note that the marginal return to effort supplied to quality depends on all prices. Hence, an increase in either price always raises the return to effort supplied to quality. Marginal return to effort supply to service i depends not only on the price but also on the extent to which more effort increases quantity. Effort supplied to anything raises the marginal cost of effort because the cost of effort is a function of total effort.
The introduction of P4P raises all prices simultaneously. This increases the allocation of effort to quality because increases in any price raise the marginal return to supplying effort to quality. The largest allocations of effort to specific services are to those services for which the relative price increases are the largest and the marginal productivity of effort is the highest.
The effect of the introduction of the P4P payments depends not only on the relative payment rates, but also on how hard it is to increase the levels of services. In general, it takes more work to increase services that depend on patient choices than services that are completely in the provider's control. For example, it takes more work to convince a pregnant woman to come to the clinic for prenatal care than to give the woman a tetanus shot once she is there.
Hence, even if payments were equal for an additional patient visit as for a tetanus shot, one would expect to see larger increases in the number of tetanus shots than in the number of visits to the facility. Moreover, initiation of care takes more effort than its continuation. For example, it will take a provider substantial amounts of effort to go out to the community to find pregnant women to bring them in for prenatal care. By contrast, it is a relatively easier task to use an existing prenatal care visit to lobby women already in prenatal care to deliver in the facility.
We may see no increases in effort at all for some services. If for a particular service the relative price increase is small or the relative marginal productivity of effort low, then there maybe no incentive for the provider to supply more effort to that service despite the absolute increase in price. In this case, effort for that service will remain at the minimum ethical bound.
Evidence reported in Basinga et al. (2011) is consistent with the empirical predictions from this framework (Appendix Table A ). 9 First, there are significant effects of incentives on the quality of prenatal care. Increasing quality is completely in the control of providers and the incentives are high-powered, as the quality index is a scaling factor that is applied to all payments for all services.
Second, there was a large significant effect of P4P on institutional delivery, which had by far the highest payment rate of $4.59 (Table 1 ). The payment was so much larger for institutional delivery, compared to other services, that providers reported paying community health workers to find women about to deliver and bring them to the facility. Well-child care also responded strongly to the P4P scheme, even though its unit payment is relatively low at $0.18 per visit. However, the payment rate jumps substantially to $2.03 if the provider identifies a malnourished child and gets them into treatment. Since 64 percent of Rwandan children under age five are malnourished, 10 the expected payment for a high quality growth-monitoring visit is quite high.
On the other hand, P4P did not increase the initiation of prenatal care, the number of women who completed four prenatal care visits or contraceptive resupply visits. These services have a high marginal cost of effort since utilization depends on maternal decisions to seek care and have low monetary payoffs for providers. For example, the payment for prenatal care is $0.09 for women who initiate care. At baseline 95 percent of women had at least one prenatal visit. It would be very costly for providers to find the remaining 5% of women and convince them to get care.
HEALTH OUTCOMES
We now ask whether the increased utilization of higher quality of care induced by the P4P incentives resulted in better child health outcomes. This section is organized as follows. We first describe the field experiment that generated the variation in the data that we used for identification. We then present our empirical specification and statistical inference. Next, we describe data collection and measurement. Finally we present and discuss results.
a. Evaluation Design
The evaluation design took advantage of the phased implementation of the program at the district level over a 23-month period. Rwanda manages its health care system at the district level and P4P is no exception. As a result the government mandated that all facilities in a district must be incorporated into the P4P scheme at the same time. Hence, the evaluation employed a stratified cluster randomized designed where districts were first grouped into pairs with common characteristics and then randomly assigned to treatment comparison groups
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. Administrative districts with pre-existing P4P schemes were excluded from the experimental design. The remaining districts were grouped into blocks based on similar characteristics for relief, rainfall, and predominant livelihoods as per the 2002 Census.
However, just before implementation, administrative district boundaries were redrawn in the context of a government-wide decentralization effort (MINALOC 2004) . The objective of the decentralization was to enhance institutional development and capacity building for responsive local governance., to develop an efficient transparent and accountable fiscal and financial management system at local government and grassroots level.
As a result, some of the experimental areas were combined into new districts with areas that already had the pilot P4P schemes. Because P4P could not be "removed" from health facilities that were already implementing the schemes, and because P4P is managed at the district level, the MoH required that all facilities within those new districts be in the treatment group.
This led the evaluation team to switch the assignment of treatment and comparison for eight districts. In the end, the study included 10 districts in the treatment group and 9 in the comparison group. In the analysis, we will address this by treating the evaluation as a quasiexperimental design and estimating difference-in-difference models.
The sample included 166 of Rwanda's 401 primary care facilities, 80 in treatment districts and 86 in comparison districts. The facilities in the treatment group started receiving P4P in 2006, while the facilities in the comparison group continued with traditional input-based financing for an additional 23 months. P4P was introduced in treatment districts over a 5-month period, yielding a minimum program exposure of at least 18 months.
11 A couple of small districts were grouped together in order to achieve balance in sample size.
Since a primary objective of the evaluation was to isolate the impact of the P4P incentives separately from the effect of increased resources, it was necessary to hold the level of resources constant across treatment and comparison facilities. To accomplish this, comparison facilities' traditional input based budgets were increased by the average amount of P4P payments to treatment facilities on a quarterly basis during the entire 23-month treatment window on a quarterly basis. As a result, treatment and comparison facilities had the same levels of financial resources on average throughout the study. In this design, the differences in outcomes between the two groups at follow-up are attributed to the difference in incentives and not to a difference in available financial resources.
b. Data Collection and Control-Treatment Group Balance
We surveyed all 166 facilities plus a random sample of households in the catchment area The facility survey collected information on staffing, expenditures, medical equipment, drug availability from the facility administrator, and provider knowledge about the appropriate clinical procedures for quality prenatal care. As part of survey, enumerators also conducted exit interviews with approximately 10 women who visited the facility to collect information on the actual clinical services (quality) provided during their prenatal care visit. The sample of facilities was well balanced at baseline. There were no differences in the baseline means between the treatment and control groups for the 17 baseline characteristics presented in Table 3 .
In addition, we specifically note that there is no difference in mean log expenditures at endline in 2008 between treatment and comparison groups. This implies that the identification strategy of compensating the control facilities for incentive payment to treatment facilities did indeed hold facility budgets constant on average across treatment and control groups. This result supports our interpretation that any differences in outcomes are caused by the P4P performance incentives as opposed to resource differences.
The household survey consists of a random sample of 13 households living in each facility's catchment area, for a total sample of 2,158 households. To build the sample, we first sampled 13 census zones from each facility's official list of zones in their catchment area. We then physically listed all households in the sampled zones and randomly selected one household with at least one child under 5 years old from each zone.
Response rates were high as only 2 percent of sampled households refused to participate in the interview. In the follow-up survey, 88 percent of the baseline households were reinterviewed. The rate of attrition from the baseline sample was not statistically different between the treatment and comparison groups (12 percent each). In addition, the household data were well balanced between treatment and comparison groups at baseline. Only 1 of the 30 characteristics reported in Table 4 were significantly different at the 5% level between treatment and control groups at baseline.
c. Child Health Measurement
We measure child health outcomes for two age groups: children 0-11 months and 24-47 months. Children in the 0-11 months range in the treatment group in the 2008 survey would have been exposed to P4P during the full prenatal period and during the full time after birth. Children between 24 and 47 months in the treatment group in the 2008 survey would have been exposed to P4P for 18-23 months during the early stages of life, but not during the prenatal period.
We consider two measures of health: (i) height-for-age z-score and (ii) weight-for-age zscore. A child's height results from her genetic potential, adjusted for insufficient nutrient intake and inability to absorb nutrition because of illness. Therefore, height is a summary measure of health and nutrition since conception. By contrast, weight is an indicator of current nutrition and illness status and does not represent factors that accumulate over the lifetime. Better prenatal care, which includes nutritional advice to mothers and the diagnosis and treatment of maternal illness, could in principle increase both infant height and weight. Better child preventive care, which includes vaccination and growth monitoring, and child curative care, limits the duration and severity of illness and thereby has the potential to affect height and weight.
We measured child height and weight using standard international procedures and portable scales and stadiometers, which were recalibrated on a twice-weekly basis in the field.
As part of the quality control procedures, all children were measured twice during the visit. We first report height and weight in centimeters and kilograms respectively. Then, we standardize these measurements into height-for-age and weight-for-age z-scores in accordance with World Health Organization guidelines. The z-scores measure the number of standard deviations from age-sex standardized height of a healthy reference population.
d. Estimation
Given the reassignment of districts between the treatment and comparison groups before the start of the study, and the limited number of districts that could be assigned to the treatment and comparison groups, we view our study as quasi-experimental. While the sample is balanced at baseline on outcomes and characteristics, it is possible that the reassignment of districts was correlated with something unobservable to us and related to health outcomes. However, redistricting took place within the context of a decentralization agenda that was led by the Ministry of Local Government, and we find no evidence that it was driven by or related to health outcomes (MINALOC 2004) . Therefore, we think it is likely that any relevant unobservable factors were likely to be invariant over the time period of the intervention.
We used difference-in-differences (DiD) methods to estimate the impacts of P4P on outcomes. DiD compare the change in outcomes in the treatment group to the change in outcomes in the comparison group. 12 The method controls for observed and unobserved timeinvariant characteristics as well as for time-varying factors that are common to the treatment and comparison groups. As we discussed above in section 4.b, the final assignment to the treatment and comparison groups was orthogonal to pre-intervention observable variables, leading us to believe that there is likely no correlation between this assignment and unobservables that drive program effects.
All of the individual outcomes relate to pregnancies, however many women do not give birth in both waves of the survey. Hence, we treat the 2006 and 2008 household surveys, 12 An alternative, sometimes used in the literature, is the intent to treat estimator that compares the originally assigned treatments to controls. In this case, however, we would have misassigned 40% of the observations and would be grossly underpowered. Also, all of the examples we could find use the ITT in cases where the study entered the field intending to implement the original design and where behavioral choices by the study participants compromised the study design. In our case, the design was changed before we entered the field and was not compromised by the study participants. Hence, while our difference in difference estimator requires stronger assumptions, we believe that it is appropriate in terms of identification and is valid based on the balance tests and knowledge of the institutional designs that drove the change in design. In our view, the difference in difference choice maximizes potential power without sacrificing internal validity.
described below, as repeated cross-sections and estimate the following regression specification of the difference-in-difference model for individual outcomes: A limitation of our design is the small number of districts for assignment. Since the unit of assignment to treatment and comparison was the district and not the facility, there may be inter-cluster correlation in the error terms. The asymptotic justification for inference with clusterrobust standard errors assumes that the number of clusters goes to infinity. Yet in our application there are too few clusters for this assumption to hold. Therefore we base our statistical inference on randomization inference hypothesis tests that use WILD bootstrapping Monte Carlo methods allowing for intercluster correlation as recommended in Cameron et al (2008) . These tests return a p-value for the hypothesis rather than a standard error. Hence we report the estimated coefficient and the p-value for the test of significance.
e. Results
We consider two age groups: (1) children 0-11 months at endline, and (2) children 24-47 months at endline. We estimated 2 versions of equation (6): one without controls and a second with controls. The controls include the child's age and sex, maternal height, mother's age, whether the mother has completed primary school, whether the father lives in the household, whether the family is a member of a Mutuelle (health insurance fund), the total number of household members, the number of household members under the age of 6, whether the
household owns land, and dummy variables for quartiles of the household asset value. 13 The child's age was entered as a series of dummy variables that represent one-month increments.
The estimated effects of P4P on child health outcomes are reported in Table 5 . Among the 0-11 month old children who benefited from P4P since conception, we find large and significant positive effects on weight-for-age z-score. Infants in the treatment areas gained 0.53 of a standard deviation in weight as a result of P4P. Among 24-47 months old, who benefited from the program for 23 months starting between age 1 and 24 months after birth, the program led to a gain of over 0.25 of a standard deviation in height for age. Note that the size of the effect on height for age of the younger group is 0.22 without controls and 0.16 with controls. However, the sample size for the younger group is less than half of the sample size for the older group.
While effects on health outcomes are large for both age groups, we see effects on weight for the younger group and on height for the older group. This difference can be explained by the role of breast-feeding on weight gain and height growth. Micronutrients that are not present in large amounts in breast milk are critical for improvements in height (Dewey and Adu-Afarwuah, 2008) . Hence, during the period of exclusive breast-feeding children tend to gain weight rather than height. Reductions in illnesses that impede a child's absorption of the nutrition in breast milk tend to lead to gains in weight. Once supplemental foods that contain more micronutrients are introduced into the child's diet, reductions in illnesses that improve a child's ability to absorb nutrition are manifest in height. According to the 2005 Demographic and Health Survey, 88% of children less than 6 months old are exclusively breastfed. And 31 percent of children age 6 to 9 months did not receive supplementary foods (Institut National de la Statistique du Rwanda and ORC Macro 2006). 13 The household asset value was constructed on the basis of the value of household assets including owned houses, household durable goods, farm animals, farm equipment and micro-enterprise equipment.
PRODUCTIVITY
We now turn to a deeper investigation of how the performance incentives affected provider productivity in terms of quality of prenatal care. We ask 3 questions: (1) how much of the observed effect of incentives on quality was driven by increased provider effort versus improved provider knowledge of the appropriate clinical procedures, (2) did better skilled providers take more advantage of the incentives and increase quality more than lower skilled providers, and (3) how much did the incentives improve efficiency as measured by the difference between knowledge and practice of the appropriate clinical guidelines.
a. Measurement
In rural Rwanda, nurses are the primary care givers and they work in clinics that are fully equipped to be able to provide care based on the standards dictated by Rwandan clinical practice guidelines. Specifically, clinics are staffed with about 6 nurses and 4 medical technicians or midwives (Table 3 Panel A). The availability of equipment and drugs needed to provide quality care is reasonable (Table 3 14 The 24 specific clinical services cover previous pregnancy history, medical history, current pregnancy status, physical exams, diagnostic laboratory tests, and case-risk management (Table 6 ).
14 CPGs are a recommended set of clinical procedures conducted during the prenatal care visit that maximize the probability of good health outcomes based on the clinical literature and expert opinion. First developed in the United States (Field and Lohr 1990) , the Rwandan guidelines are based on the US version adjusted to local resource constraints.
We used a clinical "vignette," which is a standardized hypothetical patient case with a specific medical history to collect the data on knowledge. We presented the vignette to a randomly selected health worker who regularly provides prenatal care and asked the health worker to describe the clinical protocol that she would apply. We then used the answers to compute the share of official CPG clinical content items that the provider mentioned without prompting from the interviewer.
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Providers, however, do not necessarily deliver clinical services up to their level of knowledge. We define quality of care as the actual clinical services delivered to patients. We collected information on actual clinical services provided during prenatal care from exit interviews of patients leaving facilities and from the household surveys. We measured the quality of prenatal care by computing the share of actual clinical content items delivered during a prenatal care consultation to the items that should compose a typical prenatal consultation as recommended in the Rwandan CPGs.
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The quality index and the knowledge index cover the same items and therefore are comparable. At baseline, medical providers knew about two-thirds of the prescribed clinical protocol for prenatal care (Table 3 Panel D) . While providers know two-thirds of the appropriate protocols, they only delivered about 45 percent of the CPG prescribed protocols (Table 3 Panel   E) . This implies a gap of 18 percentage points between knowledge and practice on average, which translated into providers delivering about two-thirds of clinical services they know they should deliver. Hence there is substantial distance from the provider practice to their production possibility frontier. This distance can be interpreted as a measure of inefficiency.
b. Knowledge versus Effort
We have argued that the incentives induced providers to put more effort into delivering higher quality services. An alternative explanation might be that P4P affected provider knowledge through which changed provider practice. 17 This could have happened because facilities might have changed personnel, substituting better-trained workers for lower-trained ones or because there could have been an increase in knowledge of the existing personnel. Recall that as part of the supervision process, district hospital supervisors discuss the results of their quality assessments with facility personnel, providing recommendations to improve care where needed. However, these visits were applied to both treatment and comparison facilities, so the opportunities to learn provided by these visits were no different between treatment and comparison groups. It is possible, however, that treatment and control facilities differed in the amounts of learning gained from the feedback provided, because treatment facilities knew that the quality assessments would directly influence their payment rates; hence treatment facilities may have been more attentive to advice from the district hospital teams.
To ascertain the importance of this potential causal pathway, we first estimate the impact of the P4P program on provider knowledge of the prenatal care protocol using a specification similar to the difference in difference specification as in equation (6):
where K jt is provider j's knowledge of prenatal care clinical procedures in year t and the other variables are defined as in (6). The unit of observation in this case, however, is the facility and not the patient.
The results, reported in the first column of Table 7 show some weak evidence that health worker knowledge may have improved as a result of P4P. We find a large point estimate of a 0.40 standard deviation increase in knowledge, but it is not statistically significant. The lack of significance may due to small sample sizes rather than no effect.
In order to assess whether the association between P4P and quality is driven by knowledge as opposed to effort, we estimate a difference-in-difference model similar to the one specified in equation (6) for quality controlling for knowledge:
where Q ijt is the quality of prenatal care that provider j gave to individual i in year t and the rest of the variables are defined as above. In this case, the unit of observation is the patient as the dependent variable is the quality of prenatal care received by the patient.
In our base excluding knowledge in Quality of Care Model 1 in Table 7 , we estimate that P4P is associated with a 0.16 standard deviation increase in quality and is significant.
Additionally controlling for knowledge in model 2 does not appreciably alter the estimated impact of P4P. Therefore, knowledge is not likely to be the main path through which P4P improved practice; rather, P4P almost surely increased quality through increased provider effort.
c. Knowledge Complementarities
Model 2 in Table 7 also allows us to examine the direct effect of knowledge on quality.
In fact, one of the most common interventions to improve quality of care is by training medical care providers in proper clinical procedures. However, we find no evidence of a direct effect of increased knowledge on quality of care.
While changes in knowledge do not seem to directly impact quality, knowledge may be complementary to P4P in the sense that P4P may be more effective when providers are relatively high-skilled. More knowledgeable providers maybe able to more easily exploit the P4P incentives for financial gain by increasing quality of care than less knowledgeable providers.
To test this hypothesis, we amend the specification in (8) to include an interaction between treatment and whether the provider was in the top half of the baseline knowledge distribution:
Where !,!""# indicates whether the provider was in the top half of the knowledge distribution at baseline and all of the other variables are defined as above.
In this specification, reported in Model 3 of Table 7 , we do find differences in the program's impact on prenatal care practice between facilities that had health workers with above-the-median levels of knowledge, as opposed to below the median. Specifically, we estimate that incentives led to an insignificant effect of 0.07 standard deviations for lower skilled providers and a highly significant 0.21 increase for higher skilled providers.
d. Efficiency
Another interpretation of how P4P works is based on the idea that providers are not delivering services up their full ability (knowledge) and that the difference between ability and practice is a measure of efficiency. If we consider a provider's knowledge as their production possibilities frontier, then one can interpret the gap between knowledge and practice holding budget constant as a measure of inefficiency.
There is evidence of substantial inefficiency as provider delivery of clinical prenatal services is substantially lower than their knowledge of appropriate clinical procedures. Recall that providers on average know 63 percent of appropriate procedures, but deliver only 45 percent, leaving an 18-percentage point difference between knowledge and practice.
We depict the efficiency gap in figure 1 where knowledge is on the horizontal axis as the share of prenatal CPG recommended clinical services that the provider knows and quality is on the vertical axis as the share of prenatal CPG recommended clinical services actually provided.
The 45 o line is the production possibility frontier (PPF) where providers deliver clinical quality care to the best of their knowledge. If providers deliver quality of care below their level of knowledge, then they would be preforming inside the PPF. The vertical distance between the frontier and the performance point is a measure of inefficiency.
We also included in Figure 1 the actual performance curves of the providers in our data set. The curves are bivariate nonparametric regressions of quality against knowledge separately for treatment and comparison groups at endline. Notice that both lines are well inside the PPF implying substantial levels of inefficiency at all skill levels. In addition, while the performance curves are upwards sloping, they are flatter than the PPF. This implies that while knowledge improves performance, inefficiency increases with knowledge. Finally, the performance curve for the treatment group is above and steeper sloped than the curve for the comparison group.
This implies that P4P reduced the inefficiency and reduces it more for more skilled providers.
We estimate the impact of P4P on inefficiency using the specification in equation (8):
where the dependent variable is now inefficiency measured as the share of CPG clinical services the provider knows minus the share of CPG clinical services delivered to a patient.
The results are reported in Table 8 . In the first specification we exclude knowledge and the interaction with knowledge from the model. In this case, we find that P4P reduces inefficiency by 3.5 percentage points or about 20 percent on average. When we control for provider knowledge in Model 2, the effect of P4P on inefficiency increases slightly to 4 percentage points. In this specification higher knowledge is actually associated with greater inefficiency. In other words, while increases in provider knowledge improve the quality of care, the improvement in quality is less than the improvement in knowledge. Finally, in Model 3 we include the interaction between treatment and more knowledgeable providers, we estimate that P4P has a much larger effect on inefficiency for more knowledgeable providers. We find no reduction in inefficiency for providers below the knowledge median, but we find a 6-percentage point improvement among providers above the knowledge median.
CONCLUSION
In this paper we provide evidence on the effect of incentives on provider productivity and on health outcomes in Rwanda, where we nested a prospective evaluation into the national rollout of a P4P scheme. In order to identify the incentive effect separately from the increase in resources, the budgets of the comparison group were compensated so that treatment and comparison facilities had the same budgets on average, but a portion of the treatment facilities' budgets were determined based on their performance whereas the comparison facilities' resources were not.
We show that the incentives improved access to higher quality care that resulted in substantial improvements in child health outcomes. In addition, we find that provider incentives led to a 20 percent improvement in efficiency. These findings lend strong support for the use of provider performance incentives to improve health outcomes. Finally, we find evidence of complementarity between the P4P incentive and the knowledge (skill) of health care providers.
This suggests that effects of P4P incentives would be higher if completed with interventions that improve provider skill, such as training, and the training would have a great impact in settings with performance incentives. Notes: P-values are for two-sided tests of the null hypothesis that the difference in means is zero and were calculated using WILD bootstrap with 999 draws. Except for prenatal care quality, the unit of observation is the facility. For prenatal care quality, the unit of observation is the patient visit and the results are based in 1584 observations. Notes: P-Values are for one-sided tests of the null hypothesis that β = 0 and are calculated based on a WILD bootstrap with 999 draws. Controls include the child's age and sex, maternal height, mother's age, whether the mother has completed primary school, whether the father lives in the household, whether the family is a member of a Mutuelle, the total number of household members, the number of household members under the age of 6, whether the household owns land, and dummy variables for quartiles of the household asset value. Age was entered as a series of dummy variables that represent one-month increments. Notes: P-Values are for one-sided tests of the null hypothesis that β = 0 and are calculated based on a WILD bootstrap with 999 draws. Knowledge share is a continuous variable of the share of the CPG items that the provider knew and is bounded between zero and 1. Notes: P-Values are for one-sided tests of the null hypothesis that β = 0 and are calculated based on a WILD bootstrap with 999 draws. Knowledge Share is the share of CPG protocol items correctly identified by the provider during the administration of the vignette. Quality Share is the percentage of CPG protocol items that were delivered during prenatal care, as reported in patient exit interviews and in household surveys. Notes: P-Values are for one-sided tests of the null hypothesis that β = 0 and are calculated based on a WILD bootstrap with 999 draws. Controls for child utilization include the child's age and sex, maternal height, mother's age, whether the mother has completed primary school, whether the father lives in the household, whether the family has health insurance, the total number of household members, the number of household members under the age of 6, whether the household owns land, and dummy variables for quartiles of the household asset value. Age was entered as a series of dummy variables that represent one-month increments. Controls for the maternal utilization and quality regressions include whether the woman is younger than 20 years, is older than 35, has at least primary education, is currently married, in union or living with the partner. Controls also include the number of household members, the number of prior pregnancies, and the distance from the household to the health facility whether the household had health insurance, whether the household owns any land, and quartiles for the household asset value.
